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Purpose: Popliteal aneurysms (PAs) often are treated with exclusion and bypass. However, excluded aneurysms can
transmit systemic pressure from persistent flow through collateral arteries (endoleak), resulting in aneurysm growth and
rupture. We used duplex ultrasound scanning for postoperative surveillance more than 2 years after PA repair with
exclusion and bypass, to determine the presence of flow and aneurysm growth.
Methods: From 1995 to 2001, 23 patients with 26 PAs (mean diameter, 3.2 cm; range, 1.6-5.6 cm) underwent surgical
repair and were available for more than 2 years of follow-up. The popliteal artery was ligated proximal and distal to the
aneurysm, and autogenous revascularization was performed. All patients who underwent PA endoaneurysmorrhaphy
through a posterior approach were excluded from the study. During long-term follow-up, aneurysm sac flow and size
were evaluated with duplex ultrasound scanning, computed tomography, or magnetic resonance angiography, and
standard angiography. Patients with increased PA size and persistent flow were offered repair through a posterior
approach.
Results: Over 7 years, 26 PAs (symptomatic, 11; asymptomatic, 15) treated with aneurysm exclusion and bypass were
available formore than 2 years of follow-up (mean, 38months; range, 24-78months). In the postoperative period 16 PAs
(62%) became thrombosed, 10 (38%) had persistent collateral flow through geniculate vessels, 6 (23%) increased in size,
and 3 (12%) ruptured; 1 (4%) resulted in limb loss. Operative findings for all ruptured PAs and 3 of 6 PAs with increased
sac size that underwent aneurysm sac exploration and endoaneurysmorrhaphy revealed retrograde flow through
geniculate vessels, mimicking type II endoleak.
Conclusions: These findings question the effectiveness of PA exclusion through proximal or distal ligation and bypass. In
addition, retrograde flow into the aneurysm sac (ie, type II endoleak after endovascular abdominal aortic aneurysm
repair) may transmit systemic pressure that can result in aneurysm rupture. We recommend PA treatment with aneurysm
sac decompression and ligation of geniculate vessels whenever possible and routine postoperative surveillance of the
excluded aneurysm sac. ( J Vasc Surg 2004;40:886-90.)The treatment goals in patients with popliteal aneurysm
(PA) are primarily to prevent limb-threatening ischemia
from aneurysm thrombosis, distal embolization, and rup-
ture, while concurrently restoring adequate blood flow to
the lower extremity. The most frequent surgical approach
includes PA exclusion by proximal and distal ligation com-
bined with femoral artery to distal popliteal artery or tibial
autogenous vein bypass.1-3 There are limited data on com-
plications of aneurysms left in situ after exclusion and
bypass, and only a few reports document aneurysm enlarge-
ment and rupture after exclusion.4-8 Just as retrograde flow
through the inferior mesenteric and lumbar arteries can
cause abdominal aortic aneurysm (AAA) enlargement and
rupture after endovascular repair, retrograde flow through
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886the geniculate collateral vessels might be responsible for PA
growth. To analyze the incidence of persistent aneurysm
sac perfusion, growth, and rupture we retrospectively eval-
uated the outcomes of PAs treated with exclusion and
bypass.
MATERIAL AND METHODS
From January 1995 to December 2001, patients un-
dergoing PA repair of symptomatic and asymptomatic an-
eurysms with exclusion and bypass were identified in the
vascular registry. All patients who underwent PA recon-
struction and endoaneurysmorrhaphy through a posterior
approach (n  7) were excluded from the study. The
diagnosis of PA was made on the basis of clinical findings,
duplex ultrasound scanning, computed tomography (CT),
magnetic resonance angiography (MRA), or standard arte-
riography. Analysis included method of reconstruction,
level of proximal and distal anastomosis, and PA size at
presentation and during follow-up. Postoperatively, duplex
ultrasound scanning was used to evaluate the bypass, PA
size, and flow within the aneurysm sac. Increase in aneu-
rysm sac size or persistent sac flow was further evaluated
with CT, MRA, or standard arteriography. Patients with
increase in PA size, compressive symptoms, and persistent
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approach. At operation, PA sac pressure was measured with
a 14-gauge angiography catheter attached to an arterial
pressure monitor.
Operative technique. Treatment of PA was directed
at eliminating the embolic source and bypassing the lesion
to restore adequate blood flow to the limb. A medial
operative approach was used, and the proximal above-knee
popliteal artery, superficial femoral artery, or common fem-
oral artery was isolated for inflow. Distally, the below-knee
popliteal artery, tibioperoneal trunk, or crural arteries were
isolated for outflow. A single piece of autogenous greater
saphenous vein (in situ or reversed) was the conduit of
choice when available. However, spliced vein or prosthetic
was used when no other options existed. The proximal and
distal anastomosis was constructed end-to-side, and the PA
was excluded from the circulation by ligating its inflow and
outflow, and left in situ. Statistical analysis was performed
with the paired t test, and P  .05 was considered statisti-
cally significant.
RESULTS
From January 1995 to December 2001, 45 patients
underwent 54 PA exclusions and bypass procedures.
Twenty-three patients with 26 PAs were available for more
than 24-month follow-up with duplex ultrasound scan-
ning, CT, or MRA, to document aneurysm sac size and
flow. Demographic data are listed on Table I. Patient mean
age was 70 years (range, 39-94 years); comorbid conditions
included coronary artery disease (n  12, 46%), hyperten-
sion (n  17, 65%), diabetes mellitus (n  5, 22%),
hypercholesterolemia (n  9, 35%), and smoking (n  6,
23%). Mean PA size was 3.2 cm (range, 1.6-5.6 cm); 15
PAs (58%) were asymptomatic, and 11 PAs (42%) produced
limb-threatening ischemia. Nine of 11 limbs (82%) were
threatened as a result of PA thrombosis, and 2 limbs (18%)
from distal embolization. Preoperative thrombolysis was
used in 3 patients for limb salvage; in 1 patient this resulted
in a patent PA, which was subsequently treated with exclu-
Table I. Demographic data
n %
Popliteal aneurysm (n) 26
Mean age (y) 70
Male/female 25/1
Coronary artery disease 12 46
Hypertension 17 65
Diabetes mellitus 5 22
Hypercholesterolemia 9 35
Smoking 6 23
Symptomatic aneurysm 11 42
Asymptomatic aneurysm 15 58
Popliteal aneurysm diameter
at presentation (cm)
Mean 3.2
Range 1.6–5.6sion and bypass. Inflow arteries varied depending on theextent of aneurysmal disease and the availability of bypass
conduit: proximal above-knee popliteal artery (n  6,
23%), superficial femoral artery (n  14, 54%), common
femoral artery (n  5, 19%), or iliac artery (n  1, 4%).
Outflow arteries included below-knee popliteal artery (n
16, 62%) or crural arteries (n  10, 38%). The conduit of
choice was greater saphenous vein in situ (n  14, 54%) or
reversed (n  10, 38%). Spliced vein (n  1, 4%) and
prosthetic (n  1, 4%) were used in a minority of proce-
dures (Table II). Demographic data and type of repair in
patients not available for follow-up (deceased or refused)
were similar to those in patients described in Tables I and
II.
Mean follow-up was 38 months (range, 24-76
months). Although at initial presentation 8 PAs (31%) were
thrombosed, during the postoperative period 16 PAs (62%)
were thrombosed and 10 (38%) had persistent collateral
flow through the geniculate arteries. Six PAs (23%) in-
creased in size, and 3 (12%) ruptured, with 1 resulting in
limb loss (Table III). Mean PA size increased from 3.2 cm
to 6.8 cm over 47months (P .05). In comparing patients
with and without PA rupture after exclusion and bypass,
those with rupture had greater mean maximum aneurysm
sac diameter (7.0 cm vs 6.7 cm; P  NS) over a longer
mean follow-up (64 months vs 38 months; P  .05). All
patients with aneurysm rupture and 3 patients with in-
Table II. Type of popliteal aneurysm repair: inflow,
outflow, conduit
n %
Inflow
Above-knee popliteal artery 6 23
Superficial femoral artery 14 54
Common femoral artery 5 19
Iliac artery 1 4
Outflow
Below-knee popliteal artery 16 62
Tibial and peroneal arteries 10 38
Conduit
In-situ greater saphenous vein 14 54
Reversed greater saphenous vein 10 38
Spliced vein 1 4
Prosthetic 1 4
Table III. Fate of popliteal aneurysm after exclusion and
bypass
n %
Popliteal aneurysms (n) 26
Thrombosis 16 62
Persistent sac flow 10 38
Increased sac size 6 23
Rupture 3 12
Follow-up (mo)
Mean 49
Range 24–78creased aneurysm size after exclusion and bypass underwent
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patients who underwent operative exploration of the ex-
panding or ruptured PA, mean aneurysm sac pressures were
measured in 4 patients; all had near systemic sac pressures.
A 14-guage angiography catheter was selectively positioned
within the sac lumen and connected to an arterial pressure
transducer once blood return was established. When com-
pared with systemic pressure measured with a radial arterial
line, sac diastolic pressure was higher and the waveform was
dampened; mean systemic pressures were 135/60/85 mm
Hg (systolic/diastolic/mean), andmean sac pressures were
115/95/102 mm Hg (systolic/diastolic/mean). Further-
more, aneurysm sac exploration in all cases revealed retro-
grade flow through the geniculate arteries mimicking type
II endoleak. These were treated by ligating the geniculate
arteries from within the aneurysm, and PA endoaneu-
rysmorrhaphy. Primary graft patency was 81% at 3 years,
and 75% at 5 years. Secondary graft patency was 94% at 3
and 5 years. Limb salvage at 5 years was 96%.
DISCUSSION
The treatment goals in patients with PA are to prevent
thrombosis, distal embolization, and rupture that may re-
sult in limb loss, and to relieve symptoms from compression
of adjacent veins or nerves. Our data on aneurysm exclusion
and bypass with autogenous vein for elective and emergent
treatment of PA indicates a 5-year primary patency rate of
75%, secondary patency rate of 94%, and limb salvage rate
of 96%. However, the fate of excluded PA is somewhat
unpredictable. At mean follow-up of 38 months, 38% (n
10) of patients with PA exclusion and bypass had persistent
aneurysm sac flow, 23% (n 6) had increasedmaximum sac
diameter, and 12% (n  3) had rupture resulting in limb
loss in 4% (n  1). The pathophysiologic features of ex-
cluded PA sac growth can be considered similar to those of
excluded AAA, with persistent endoleak from inferior mes-
enteric and iliolumbar arteries; the collateral geniculate
arteries may transmit systemic pressure to the excluded
aneurysm sac, leading to sac growth and potential rupture.
The choice of PA repair varies, depending on the
presence of symptoms, extent of coexisting occlusive dis-
ease, extent of aneurysm, and surgeon preference. Our
operative approach to treating PA has been similar to what
has been described by others.9,10 We have preferred the
medial approach to PA, because it enables exposure to the
above-knee and below-knee popliteal arteries, proximal
exposure to the superficial and common femoral arteries,
distal exposure to the tibial and peroneal arteries, and easier
access to the greater saphenous vein. Due to limitations in
obtaining adequate proximal exposure to the superficial
femoral artery and distal exposure to the crural runoff
vessels, we have restricted use of the posterior approach and
endoaneurysmorrhaphy to patients with symptoms of com-
pression or aneurysms confined to the popliteal fossa. Re-
cently 3 patients with PA exclusion and bypass had rupture
at presentation, which prompted us to analyze the inci-
dence of persistent aneurysm sac perfusion and rupture. In
all 3 patients preoperative images (standard arteriogram,MRA) indicated retrograde flow into the PA sac through
collateral arteries (Fig). Sac pressures were elevated and
near systemic in all patients, andmultiple geniculate arteries
with retrograde flow into the aneurysm sac were identified
and suture-ligated from within. We have subsequently
identified 6 additional patients with a substantial increase in
aneurysm sac size; 3 have undergone PA exploration
through a posterior approach. The operative findings in
these patients were similar to those with PA sac rupture in
that multiple geniculate arteries with retrograde flow into
the aneurysm sac were identified, and required interruption
from within the sac and endoaneurysmorrhaphy (Table
IV). The remaining 3 patients with PA sac growth and no
demonstrable sac flow remain symptom-free, and have
refused operative sac decompression through a posterior
approach. They are undergoing routine surveillance every 6
months with duplex ultrasound scanning. It is possible that
these patients could have a “missed-endoleak” that would
otherwise be discovered at operative exploration.
The pathophysiologic features of PA sacs that are per-
fused retrograde via geniculate arteries might be similar to
our findings of nonresective treatment of AAAs and the
resulting aneurysm sac pressurization from patent collateral
inferior mesenteric and lumbar arteries.4 Over 14 years, 48
of 1218 patients with operative retroperitoneal exclusion of
AAAs had persistent flow in the aneurysm sac at duplex
ultrasound scanning over a mean follow-up of 51 months.
Of these, 7 patients had excluded aneurysm rupture. Simi-
larly, important parallels may be drawn from our recent
understanding of type II endoleaks after endovascular AAA
repair, even though the natural history and implications of
such endoleaks are not yet fully understood. Although
earlier reports allude to the benign nature of type II en-
doleaks, recent reports on aneurysm rupture question this
perception.11-14 Baum et al15 reported their experience
with translumbar aneurysm sac angiograms, and suggest
that all type II endoleaks transmit systemic pressure; how-
ever, the exact distribution of pressure within the aneurysm
sac and onto the aneurysm wall was inconsistent and un-
predictable. Regardless, the optimal treatment of type II
endoleaks remains controversial, and ranges from contin-
ued aneurysm surveillance, to endovascular repair with
embolization with coils, glues, and thrombin or gelatin
sponge (Gelfoam), to open surgical repair.
Our 5-year graft patency and limb salvage rates of 94%
and 96%, respectively, were similar to other reports of PA
repair.9,10Most excluded PAs (62%) resulted in thrombosis
and decrease in sac size. However, nearly one fourth had a
substantial increase in the aneurysm sac size and persistent
retrograde flow leading to compressive symptoms or rup-
ture. Other investigators have reported similar findings of
persistent PA sac perfusion, growth, and rupture after
exclusion and bypass.5 Ebaugh et al6 analyzed their expe-
rience in treating 25 PAs with exclusion and bypass grafting
over a mean 4.3-year follow-up. Their findings were similar
in that 32% of patients had an increase in PA sac size and in
20% PA sac size was unchanged. Other anecdotal reports of
ruptured or symptomatic enlarging PA after exclusion and
l arter
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cause.7,8 Several interesting observations from this study
include the propensity of excluded PAs to grow slowly over
a long time. Aneurysm sac size increased by more than
2-fold over a mean follow-up of 47 months. Furthermore,
mean follow-up in patients with rupture was far greater
than in patients with aneurysm sac growth and no symp-
toms (65 vs 38 months).
In view of these findings, we believe that the treatment
strategy for PA should include routine use of the posterior
approach for popliteal artery reconstruction and endoaneu-
rysmorrhaphy whenever applicable, especially for saccular
aneurysms isolated to the popliteal fossa or with symptoms
of compression. Dissection should be limited to avert injury
to the tibial nerve and popliteal vein, which may sometimes
be adherent to the aneurysm.16 After opening the aneu-
rysm sac the thrombus is evacuated and all collateral vessels
interrupted under direct visualization. A reversed vein in-
terposition graft is placed in the aneurysm sac, and obliter-
ation endoaneurysmorrhaphy is performed.17 Patients
without adequate lesser saphenous vein might require a
separate leg incision for grater saphenous vein harvest. The
Angiograms show popliteal aneurysm (PA) exclusion and
sac, and collateral vessels (C) from the profunda femoramedial approach should be reserved for extensive fusiformPA with extensive proximal and distal involvement, barring
adequate exposure of normal inflow and outflow through
the posterior approach. Before bypass, the popliteal aneu-
rysm should be exposed through the medial incision and
excluded. Similar to the posterior approach, the aneurysm
sac should be opened, the thrombus evacuated, and oblit-
eration endoaneurysmorrhaphy performed. Transection of
the gracilis, sartorius, semitendinous, and semimembra-
nous tendons can facilitate exposure to the entire popliteal
artery with limited knee instability or weakness.18 Further-
more, long-term postoperative surveillance of the excluded
PA sac should be similar to excluded AAA after endovascu-
lar repair, and should include not only visualization of the
bypass graft with duplex ultrasound scans, but also a
through evaluation of the excluded PA sac for growth and
persistent flow. Patients with substantial sac growth might
require secondary interventions, including sac obliteration
through a posterior approach.We can only speculate on the
role of minimally invasive endovascular embolization pro-
cedures through transfemoral or direct sac puncture tech-
niques similar to those used for treating type II endoleak
ss with severely displaced autogenous vein (A) by the PA
y perfusing the excluded PA sac.bypaafter endovascular AAA repair.
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analysis, and the patient cohort is small. The data do not
identify the exact location of PA exclusion and its relation-
ship to the presence of collateral geniculate circulation, and
the data on routine bypass graft surveillance every 6months
did not always include evaluation of PA sac size or flow.
Regardless, these findings question the effectiveness of PA
exclusion via proximal or distal ligation and bypass. In
addition, retrograde flow into the aneurysm sac (ie, type II
endoleak after endovascular AAA repair) may transmit sys-
temic pressure that can result in aneurysm rupture. We
recommend PA treatment with aneurysm sac decompres-
sion and ligation of geniculate vessels whenever possible,
and routine postoperative surveillance of the excluded an-
eurysm sac.
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Follow-up
(mo)
PA sac
flow
PA
rupture
33 No No
29 No No
71 No No
26 Yes No
33 Yes No
36 Yes No
68 Yes Yes
66 Yes Yes
59 Yes YesruptuSubmitted Mar 22, 2004; accepted Aug 15, 2004.
